The development of accurate and appropriate exposure metrics for health effect studies of traffic-related air pollutants (TRAPs) remains challenging and important given that traffic has become the dominant urban exposure source and that exposure estimates can affect estimates of associated health risk. Exposure estimates obtained using dispersion models can overcome many of the limitations of monitoring data, and such estimates have been used in several recent health studies. This study examines the sensitivity of exposure estimates produced by dispersion models to meteorological, emission and traffic allocation inputs, focusing on applications to health studies examining near-road exposures to TRAP. Daily average concentrations of CO and NO x predicted using the Research Line source model (RLINE) and a spatially and temporally resolved mobile source emissions inventory are compared to ambient measurements at near-road monitoring sites in Detroit, MI, and are used to assess the potential for exposure measurement error in cohort and population-based studies. Sensitivity of exposure estimates is assessed by comparing nominal and alternative model inputs using statistical performance evaluation metrics and three sets of receptors. The analysis shows considerable sensitivity to meteorological inputs; generally the best performance was obtained using data specific to each monitoring site. An updated emission factor database provided some improvement, particularly at near-road sites, while the use of sitespecific diurnal traffic allocations did not improve performance compared to simpler default profiles. Overall, this study highlights the need for appropriate inputs, especially meteorological inputs, to dispersion models aimed at estimating near-road concentrations of TRAPs. It also highlights the potential for systematic biases that might affect analyses that use concentration predictions as exposure measures in health studies.
Introduction
Exposure metrics used in health effect studies of traffic-related air pollutants (TRAPs) can affect estimates of health risk, such as the magnitude and confidence interval of odd-ratios in cohort and panel studies (Dionisio et al., 2015) . While many approaches have been used, the development of accurate exposure metrics for these studies remains challenging (Batterman et al., 2014a; Jerrett et al., 2005) . Studies requiring spatially-resolved exposure estimates cannot depend on central site air quality monitoring due to the local scale variation or spatial gradients of TRAP concentrations found near major roads (HEI, 2010) and the spatially sparse nature of ambient monitoring networks, including the lack of near-road monitoring sites. Considering active fine particulate matter (PM 2.5 ) monitors in US cities and surrounding suburbs, for example, Los Angeles has 11 monitoring sites, Washington DC has 4, and Detroit has 9 (US EPA, 2017a). Considering near-road monitoring stations, these cities have only one or two sites each, and a total of only 72 near-road sites operated across the US as of 2015 (Watkins and Baldauf, 2012a) . Instead of central site monitoring, health studies have relied on exposure metrics derived using interpolation methods, geographic information system (GIS) variables, land use regression and other methods that incorporate variables such as the distance to nearby roads, traffic volume, vehicle mix, traffic intensity and population density (Batterman et al., 2014a; Jerrett et al., 2005) . While useful for health effect analyses, these approaches have several limitations: most do not capture the temporal variability resulting from changes in meteorology, traffic patterns and emission factors; the ability to generalize to other environments and other pollutants is limited; and metrics expressed in terms other than concentration (e.g., proximity) can be difficult to interpret (Vette et al., 2013; Isakov et al., 2014) .
Dispersion models can overcome many of the limitations of monitoring data and the exposure approaches noted above, and they have been used in a several recent health studies (Vette et al., 2013; Isakov et al., 2014; Bell et al., 2011; Lobdell et al., 2011; Wang et al., 2009 Wang et al., , 2015 Wu et al., 2011; Beevers et al., 2012 models, like other models, depend on the model inputs and parameters selected. Sensitivity analyses can reveal how a particular model responds to variations in input variables or internal parameters (Rao, 2005) . While not providing a full measure of model uncertainty, sensitivity analyses reveal the relative amount of uncertainty associated with each model input, the robustness of the model with respect to changes in inputs and parameters, and critical model inputs, i.e., those that are uncertain and that cause large changes in model predictions (Rao, 2005; Vardoulakis et al., 2002) .
Results of dispersion models can be sensitive to model inputs and parameters. For example, all dispersion models require meteorological data, which fundamentally influence dispersion calculations (Vardoulakis et al., 2002; Dhyani and Sharma, 2017; Gulia et al., 2015; Salizzoni et al., 2012) . Ideally, these data use on-site or local observations (Salizzoni et al., 2012) . However, local meteorological datasets are typically limited, e.g., of the 72 near-road monitoring sites in the USA, only 6 have a National Weather Service (NWS) meteorological station within 5 km, and the average distance to the nearest station is 18.5 km (US EPA, 2015) . Previous sensitivity studies using industrial emissions, e.g., mercury and hexavalent chromium, attributed 16-25% variability in results to changes in meteorological inputs (Hodgson et al., 2007; Sax and Isakov, 2003) . However, with regards to TRAPs in urban areas, such sensitivity studies are limited. As a second example, emission data used in dispersion models depend on traffic activity (e.g., number of vehicles, vehicle mix, vehicle speed and acceleration), which in turn depends on commuting and work schedules, construction activity, weather and many other factors (Batterman, 2015) . Typically, emission rates are derived using simplified and default allocations to obtain hourly and daily estimates from annual average data. Again, local information regarding traffic volume and mix is recommended, but such inputs are rarely available.
This study examined the sensitivity of exposure estimates for health applications produced by dispersion models to meteorological, emission and traffic allocation inputs. The analysis used the Research Line source model (RLINE), a research-grade dispersion model specifically designed for near-road applications (Snyder et al., 2013) , to predict daily average concentrations of two common TRAP, oxides of nitrogen (NO x ) and carbon monoxide (CO). These concentrations were compared to measurements at near-road monitoring sites in Detroit, MI, and were used to assess the potential for exposure measurement error in cohort and population-based studies. PM 2.5 was also measured at near-road monitoring stations in Detroit; however, previous analyses (Milando and Batterman, 2018) showed that background levels of PM 2.5 were high (> 85% of total), thus the sensitivity of PM 2.5 to changes in mobile source modeling was not examined.
Methods
The sensitivity of dispersion model-based exposure estimates was determined by comparing baseline (or "nominal") and alternative inputs for meteorological, emission, and traffic allocation parameters. This work builds on a previous operational evaluation of RLINE (Milando and Batterman, 2018) , which covers in detail the methods by which emissions from point and mobile sources in Detroit, MI were modeled (only the RLINE mobile source modeling is described below). Model predictions using nominal and alternative inputs were compared to observed monitoring data, and exposure estimates using nominal and alternative inputs were compared for a "vulnerable" and general population in Detroit, MI. Differences in predicted concentrations due to varying model inputs were assessed using metrics recommended for air quality model evaluation (Hanna and Chang, 2012; Chang and Hanna, 2004) , and in the application are translated to possible health impacts using health impact assessment techniques.
Monitored data
The Detroit area contains five US Environmental Protection Agency (EPA) Air Quality System (AQS) monitoring stations located near high traffic roads (Fig. 1 ). These include: the "suburban" Allen Park site 190 m southeast of Interstate 75 (I-75; annual average daily traffic (AADT) of 89,800 (MDOT, 2014b)); the "industrial" Dearborn site (150 m northwest of I-75; AADT = 105,800); the "schools" or East 7 Mile site (390 m east of MI-97; AADT = 9500); and the "near-road" and "urban" Eliza Howell sites (respectively 10 and 100 m north of I-96, AADT = 152,000). Air quality data for 2011 to 2014 were obtained from the US EPA AQS Datamart (US EPA, 2016) . Over the study, these sites used several types of monitoring instruments that differed in sensitivity and possibly other aspects, thus, analyses at each site are 
